Abstract. An algorithm to design the small 
Introduction
The convolutional filtering is a tool, which in image processing plays the role of similar importance as in the area of 1-dimensional (1-D) signals processing [13, 10] .
However, the details of implementation and filter designing methods differ in both fields considerably [9, 4, 12] .
While in the 1-D area, like in acoustics, the desired filter properties are typically described in the Fourier domain [9] , in image processing, the filter mask is rather designed based on the properties defined directly in the pixel domain [4] . The Fourier domain characteristics of such 2-dimensional (2-D) filters may be studied then for several purposes. The classical filter masks describe the filters in the 2-D domain, which are equivalent to the Finite Impulse Response (FIR) 1-D filters [13, 15] . In this paper an idea of using the 2-D Fourier domain filter characteristics as a primary assumption for the filter to be designed is considered. The proposed concept refers to the fact that in the 2-D domain the direction of filtering process along the image plane may be selected, and is not fixed as in the 1-D case. The directionality of image filtering attracted attention of many authors in several fields of application. The first, and rather trivial, approach is based on rotating the filter mask within the limitations of the discrete pixel grid, so that all mask values only change 8 P. Korohoda, J. Grabska-Chrząstowska, J. Przybyło their positions. It can be used only for 45 degrees or 90 degrees rotation angles [13] . Sometimes directionality is understood as just horizontal and vertical direction [5] .
Another solution involves transformation the image to the 2-D Fourier domain, and then filtering via multiplication of relevant spectra. The result has to be transformed inversely. Such approach may be found in application to fingerprints analysis [11] , for general image deblurring [14] , and in medical imaging [6, 3] . The image downsampling in horizontal and vertical direction, along with filtering, and then reconstruction of the image via upsampling, results in application of the wedge-limited fan filters, which passbands cover the cones in the 2-D DFT [2, 7] . Finally, the directional filtering may be also considered in the multidimensional vector spaces, where the directionality of the vectors, described in part by their dot-product, is exploited [8] . In the latter approach, the direct reference to the Fourier representation of data is not necessary, and the Fourier transform may be used only as additional study tool. In the described method the directional filtering is realized in the primary pixel domain with use of the classical filter mask of size 3×3, which has been obtained from the Fourier space characteristics. All computations were performed in MATLAB [1] . 
The 2-D DFT of the image processing filters
For the filtering masks, obtained as described above, the 
Procedure details and experiment organization
For the experimental verification of the proposed method one artificial image, named 'pattern', has been created and one real image -'kidney', has been selected (see Fig. 2 ).
For the 2-D DFT representation of filters, size 127×127 ters, but to provide compatibility with the DFT domain spectra multiplication the image data was extended circularly [13, 4, 12] , when necessary.
Results
After having performed the algorithm described in the previous section, for the mask presented in Tab. 1, the central part of the 127 × 127 mask was as presented in Fig. 3 .
The values rapidly decrease with the distance from central location, thus the reduction of the mask to size 3 × 3 -see Tab. 3 for details -results in little distortions. They may be also observed, and studied in the Fourier domain, as the Gibbs phenomenon [9] . In Fig. 4 examples of gray-level spectrum representation (dc shifted to the middle) after having reduced the mask to 3 × 3 and then computing the 2-D DFT are presented. 
where RMSE is the Root Mean Square Error [13, 4] computed between the studied image, P x , and the reference image P ref .
To avoid the impact of the border effect [13] , the (1) value was computed excluding the strip of pixels around the images. 
